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Theonvervence assocvated with the outtlow laver in the upper
Lroposphere at 86 degrees W was tound above 300 mb (Figure l). A deep R
Laver of convergence was evident below 300 mb between 8% and 95 depreecs ]
\w with relatively stirong convergence nedar the surtface and in tne mid- 3
Lrvposphere an the area ot deep convection.
L
cne o hanee ot the thermodvnamie structure due to Lhe development ol 3
st heriv tlow, horizontal distribations ot temperature, dew point :

temperature . aud mevriydional

Loy 1o Vowarts and moirst tongue was
chipares 12 8 14) togpether
with speeds as nagh as 15 m secl (Fapure
Jistrahatiton ot vertisal motion at 700 mb (Fipure

nolion was hresent near 90 deprees W oas well. It

Sy southeriy tiow aoivected the wiarm and wmoist

onvecbron g ow
Tifting required

vee-notie bt tiny nrovaided the

o el tal snsbtabn bty The daverpoence associrated
Compated above Snombh (Fipure 1Q) aindicated deep

tevelaped o Lthis case an o awreement with the (ol

cerved be Lthe GORS-Fast antrared plrotures.,
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AL 120000 COMT 2% Janiry, strony low-level warm advection was evident n
Lhe area near 39 depvees W orrom the surtace (Faipure 3), B50 mb (Figure
<), aud Ton omb (Fignave 3), constant pressure charts. The axtis ot with

Cordest cloud Lop Lemperatiare trom the GOES-FEast yntrarved proluare at

N S i Ry e T) was tound 1 degrecs Lo 1Y deprecs cdast E
SELae saviace Lronph lhis 1s Lhe region with strong low-leved warm _j
gdves Lion, A ot =ott low assoclated with the surface trough n the
Gpper troposphere was tormed (Figure 60). Eventually this Lrough L
developesd anto a cold tront ab the East voast at Ooon GMT 25 January. ":'
N
L.2 0 Results ot the analvses ]
-4
The west-edst cross secbLions averaged between al) deprees to o2 deprecs N 4

tor the zonal {(westerly) wind (Figure 8), meridional (southerly) wind
{Figure 9), divergence (Figure 10), and vertical mobLion tor 1200 M1 23
lanmarv (Figure 11). The most striking feature is that Lthe region ot
dpward motion cortncided with the axis of maximum merrdional wind around L.
G deprees W o (Figures 9 & 11). As noted before, this is Lhe area wher: ,J

Lthe tonvective activity 1s most intense (Figure 7). Subsidence was tound

-

ot ahead ot and behind the axis of maximum meridional wind where the .
Convect1on was suppressed (Figure 11). A
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the vertical p-velocity was calculated kinematircal la. lhe |[wl o taela at

the topographic level was calcalated by

- -
v —.>gwc = :DgV(" . Vil fry

)

whiev e o L0 the o ety ST
wined ab Lhe ground ot dee, and |

he pravitational davcelecitron, vt he
] the height ot the soetas e The

o sontal oy ververe o wds estimated by

. ‘? _ C:U +. -jJ_\_/ \’7 PN (,:
CTV T ek Ty TRt W =
Wit e TRt radias ot the earth and ¢ 15 the Tatatioe, et
TS et s aelaired dine to convergences ot the mesadians., 1l
P imties o daiverpence and {wl were corrected Lo ensure Chal
W antstes gt ot o mbe The correctiron was made following O'Ry o0t

T s et Wbl assumes the errors in the diveryent wind incrveases

v as a lTinear fanction of pressure.  Since the tropopause 1w

dppvoaxamotele bl 250 mb rather than 100 mb during the winter, o

compaa tson petween the vertioal velocities oblarned by ywposing the
o henndary conditron ot {wl oequal Lo zero at 100 b aad 200 mb o ow e

iyt Appendrix g

. —i
I onverted to vm sec nsang the

Mt

v, o the vertioal p-veiocity was

hvdrostatie relationshin,

The same objeclive analvsie technique described above was anplied to
hourlv surtacs~ ouservatirons, Detiarls of the procedures Lo process
upper-air data and surtace observations are given in Appendix 2 and
appendix 1, respec tively,

i CALBEOF Z24=24 0 TANTUARY

L Syvnoptae Srlnabion

Y SO0 GMT 20 January 1984, the 300 mb constant pressure chart shows

that an upper level trough was developing along the west coast (kFigare
Lo ibire trouph was evaident at Lthe next observation time 0000 GMT 272
Janvary for it constant pressuare charts above 700 mb (not shown). A
this tronph intensaired and propapated eastward, a surtacve trouph was
Poormesdh ot 2 OMT 22 Jantarvy (Figuare 2) ain the southwest extending taoom
Togado to New Mexto oo AL Lhie cast o coasl o oa hrph mesasure center was
sl e Mo e i o cot Vareania topgether with o very Cold Lemperation es
ot he st e o bart o ot Lhe o bed States, As the trouvh antensatred]

P et =6 tat s esaire pradient aneryedased beane o of thie b el eSS

er ot er o the ea st aant vt the developing Crongrh o e weat o G hee
ot b T s 3 Tow ahrean ot e trouyh o and hehand Lhe hirph oo s e centes
sUrengbheved ana heog bl an the warm, morst oar Troan tiee faric oo Mes o
e e the coda s iy e o e Tow Tevels,

4 -
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Washington, D.C. were used to study the synoptic si1tuation during,
snowstorm ocvencrences.  The Defense Meteorological Satellite Propram
(DMSP) satellite photographs trom the National Climate Center, Satellite
Service Division D36, Washangton D.C. and the Geostationarv Operational
Fnvironmental Satellite (GOES)-East visible and intrared images,
avarlable from the MCcIDAS system at Air Force Geophysical Laboratorv

{AFGL)Y, were also used.

Kegnlar apper—-11r data an 12 hour intervals from National Weather
Service rawinsonde station and hourly surtace observations trom stations
withhin tne domain of 75 degrees W to 105 degrees W oand 25 deprees N to
e teprees N o were consaidered. The measurements for each soinding were
Hot taxken samultancous !y, Furthermore, 1t takes approximately 60
mrptibes tar Lhe balloon to reach 100 mb., During 1ts ascent, the balloon
Crct ey s i oas 80 km o trom 1ts launch site. However, no corrections

v trime and balioon dritt were made 1n this studv. Both the upper-air

it and souriv o surtace were avairlable trom the MCIDAS svstem al AFGL.

TR Sotnaines, stynitioant jevel and mandatory level data were

e e sopnritoant level thermodvnamic data were reports at

I T PRI A whoereas, the siyniticant level wind data were reports
eerat Towveba First ot all, we combined mandatorv level and
v int Yewel tnermoduvnamic data and then interpolated temperature
. tew potnt Lemporature anto 25 mb oantervals using a cubie spline
it tenston curve titting technique (Cline, 1973). The pressure level
ooy e sapnrt e ant wind datum was interpolated trom the heipht data
teereort et Lo mandatory ievel.  Then we combined the mandatory level
et sqipe s tacant Jevel wind data and interpolated the zonal (1) and
ey ol (soubtherly)y (v wind components 1nto 25 mb intervals. The
ceonotent val herght at each 25 mb interval was calcualated trom

Lemberature ard dew point using the hvdrostatic assumption.

She thermodenamie and wind data tor each pressire surtace were next

tnterpolated onto 4w x 2 degree ccarse grid trom (00 degrees W to 80

ey ces Woand 45 deprees N to ad degrees N using Cressman's (19359)

St ve andglvsis scheme., The scan radii were 3.0d, 2.0d, 1.5d, 1.3d,
2 dohd, wath jd} oequal to the mean station separation, which is

approimately 300 Lo w00 k., We turther interpolated the data trom the

arse prad oanto a 2 x 1 depgree tine grid using cubic spline ander

Lension, "his, the objective analvsis scheme was essentialley the same
s that which was nsed earlaier by Opura and Chen (1977) and Opura et
N R UDAE I I L rs gmbortant to note that to interpolate Lthe data onto
cotaae srad does ot rediuce Lhe resoluble seale, whirh s determined by
e atron senaryalann ol the ohservations. The sceale o1 analvses
S e coeanal observations rather that the prid syslem chosen,

vt ot bhle 1o resolve siynals with wavelenpths smaller than the

can statian separat con, The purpose ot the interpolation onto the taine
Vot W to o ade g denser prad for the fanite daitference calvalation
oo ol aceraeataives ot varitables such oas divergencse anda the

Voo s component Of vortitoitv.

- . . S y
Anbotdon s o n n . n -



. INTRODLCTTON

vameratcal simulatirons of clond development under larpe-«oale Tatting
were made by Chane and Orville (19773%). In therr s1mnlations, o cloud

I3

ieveioned to o a herpht ot 8 km atter 2 hrs with a4 Tow-Tevel Tyt ting o
Smoses a4t 1 km. in another case, when the litting was removead, all
clouds staved below the 2 ki devel, Cotton et al., (1976 tryea to mare

1oint nse ol a sea brecze model (Pielke, 1974) and a «load monde!
totton, 19700 to produce some cbserved showers 1n Floriaa. Ihes
lustrated the dramati1c ettects ot the perturbed soundsne and tormat on
i1 eprons ol horizontal convergence due to the sca bhreese 1o ulataron
on Ltue development ot a cloud. Soong and Ogura (1980) have pronowed
chond ensemble model on which the larpe-scale forcing «an be gmoosed.,
Foent woerk by Soong and Tao (1980) and Wang (1984) have suppested tia
hoGoiney numerscal simulations ot observed cloud actirvaity, the

vosrporatton o ldarge-seale toraing in some wav is a4 necessitye,

vitahatte cooiitne adue Lo large-scale liftting usually leads to the
tormatron of cloads and precipitation svstems. Small scale updrdafts ana
ot alts dare normally tound an clouds and precipitation svstems wiln
targe=scale ascent.  The large scale litting 1s small and, 1n genera’,
on tne order ol several centimeters per second. Two methods are
rreaquently used Lo compite large-scale vertical velocities trom observeud
iber-arr cata (Panotskv, 1946); these are the adiabatic and the
krnematic methods. The first is based on the assumption thal chanpes ol

Le ot atmospheric air are adirabatic, and the second depends on the

sl

v aple ol mass conbingllv.

nothis stidv, the envivonmental condilions as well as larpe-scale
TitLing 1Tor two snowstorm cases during SNOW TWO, 16-17 Januarv and 23-14
Januarv 19Y8a, were studired. Since the adiabatic assumption mav not be a
vood o assumptilon during a4 period ol snowstorm activity (due to the
ellects ot Jatent heat release and convective Lransports as a result ol
convective overturning), the kinematic method was used to compurte
arye-seale vertical motion itn this study. The larpge-scale vertical
motion computed, as well as envircnmental conditions studied tor boeth
Cases, will provide useful intormation for the proper choree ot initiral
Conditions tor onur nnmerical simnlations of cloud development in the

TRV N o 20

2. DATA SOURCES AND METHODS OF ANALYSIS

Suvtac e obsercations and apper~air rawinsonde medasurements Ltaken at SNOw
WO /Smoke Week VIEoal Camp Gravdang, Ml were receirved from the Cold

Mo it Fosedarch amdd Enginecring iabordatory, Corps ol konpanes) s

danaver o New Hampshare. S tac e charts Aand constant pressinee surlbace

Charie dtaom Aty Forsoe Svstems Compand Headgnarters ) Anddrews AFHR,

PR A, P L S VS ST SISO PO ISP PR S W | . - z Ao n . N A
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As the surtace trough moved eastward, the convective acvtaivity propagated
ecastward and moved out ot the central United States. One dav later the
vertical cross sections of meridional wind and vertical motion (Figures
16 & 17) show that both regions of upward motion and strong southerlv

wind moved to the eastern boundary of the domain. Subsidence was found
in the Central Iinited States where the convection was suppressed. Thus,
the computed vertical motion agreed well with the observed convective

Aacvbivity.,

e axas of celdest cloud top temperatures entered southwestern Michigan
iLoapproexaimately a0 GMT 23 January., extending northward and occupied
mosl ot Michigan at 1700 GMT (Figures 18 & 19). The NWS (Natronal
wWeather Servioe) regular upper-air observations with 12 hr utervals
were apparently not sutticient to resolve the changes in detairl during
the passape ot this weather system at Michigan. Fortunately, an upper-
a1 observation at Camp Crayling was available at 1530 GMT. The taime
Shansges ot the atmospheric structure at Camp Grayling will be described
‘ater.  The vertical ecross sections at 1200 GMT 23 Januarv and 0000 GMT
4 Januarv representing the situations before and atter the passage ot
thyw weather svstem at Michigan will be presented using rawinsonde data

troem o statrons nedr a4 deprees N. The stations used werve:

Huron, SD (98.2 deprees W, 44.4 deprees N),

St Clond, MN (94.2 degrees W, «+5.6 degrees N),
troen Bav, W1 (B8.1 deprees W, a4.5 degrees N),
Fivet, MI (83,7 deprees W, 43.0 degrees N),
“tralo. NY (7807 deprees W, 42.9 degrees N,

Vinany, NY (73.8 degrees W, 42.8 ‘egrees N).

] 6 -
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At 1200 GMT 23 January, the vertical cross section of meridional wind
shows southerly flow in the central United States with slightly warmer
potential temperature and equivalent potential temperature in the low
levels (Figures 20 & 21). The vertical cross section of relative
humidity (Figure 23) also shows that the moisture was mainly contined to
the low levels. It is interesting to note that the meridional wind
shown in Figure 22 was much weaker than that at 41 degrees N which
resulted from objective analysis (Figure 9). The horizontal
distribution of meridional wind shown in Figure 14 resulting from the
objective analysis did show the decrease of the wind speed toward the
north together with decreasing dew point temperature at 1200 GMT (Figure
13). Recall from the GOES-East satellite data indicates that the major
convective activity prior to 1200 GMT was mainly located south of Lake
Michigan. As the trough intensified and moved eastward, the area of
deep convection extended northward. Twelve hours later (0000 GMT 24
January) the meridional flow along the cross section increased
drastically and reached as high as 25 m sec-l at Flint, MI at 900 mb and
over 40 m sec—l at high levels (Figure 26). Accompanying the
strengthening in the southerly wind, the low level potential temperature
and equivalent potential temperatures also increased considerably
(Figures 24 & 25). A conditionally unstable layer (where Oe decreases
with height) was found between 700 mb and 500 mb at Flint, MI. The
cross section of relative humidity indicates the development of deep
clouds (Figure 27) near the axis of maximum southerly wind, which is
consistent with the satellite observations. These results suggested
that the strengthening of the southerly flow resulting from the
development of the trough brought in the warm and moist air and may have
plaved an important role in the formation of deep convection.

The correlation between the surface convergence computed from the hourly
surface data and the region of cold cloud top temperature was poor (not
shown). The close relationship between the low-level convergence and
the convective activities found by Ogura et al., (1979) and others
during the GARP (Global Atmospheric Research Program) Atlantic Tropical
Experiment was not evident for this winter snowstorm case. In the
Tropics, the atmosphere is conditionally unstable. A minimum of
equivalent potential temperature exists at 700 mb. The low-level
convergence provides the moisture supply and the lifting required for
the release of potential instability. However, for the 23-24 January
snowstorm case, the equivalent potential temperature in the low
troposphere was considerably colder than in the mid-troposphere and high
levels. It was, therefore, unlikely for the air parcel in the low
levels to grow and develop into a tall cloud. 1t appears that the low-
level ronvergence was not important for the development of deep clouds
for this case.
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theeos G . Three hours carlirer, a nearby station, Flant, Ml oni-
senorted o omeridional wind as strong as 10 m sec” | (Figure 225, L werm
cor that Lbe strong meridional wind and the intense conveolive
ictivity bolth cocurred atter 1200 GMT 23 Jannary at Camp Grayvling.
Warming below 700 mb between US00 GMT and 1530 GMT was clearly shown
“rom o the vertical protiles ot potential temperature (Figure 30). The

neerease in the equivalent potential temperatnre (Figure 3) between
s CMT and 1530 GMT s very striking.  Above 700 mb, the atmosphere
would have become nnstable at 1530 GMT if the latent heat release by o
srovess had been considered.  Thus, the intlow of moist and warm arr
trom the south created tavorable conditions for the development ot deep
Onvec b ton. Fall clouds would have developed 1f large-scale lifting was
present above 700 mb., It appearvs that the relatively strong convergence
“Faaare 10 and the targe-scale lifting (Figure 11) in the mid-
tropasphere were very tmportant tor the release of potential instability
T LD IS Case,

At 05 GMT 24 Janmare, attey the passage or the convective svstem, the
meratdironal wind weakened and both the potential temperature and
coarivaltent potential temperature decreased except below 900 mbh. An
roverston at B2 mb with o well mixed layer was found. Since the arr
chove the inversion was relativelv dry, this itnversiron was possiblv

cansed by Lhe suabsidence which prevailed behind the meridironal wind
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tor conal wind, meridional wind, divergence, vertical motion, and the

)

vertical component of relative vorticity for 0000 GMT 17 January are
shown an Fagures 36, 37, 38, 39, and 40. The speed of Lhe zoual current

. was comparable to the 23-24 Jannary case (Figure 36). However, the

, -y
PRSI g

stroeng mevidional wind was not tound in the region of maximum clond

. e tavities.  Sontherly wind was found east ot 90 depvees W with

:-_ northerly wind west ot 1t below 500 mb indicating the prescnce of a

i 1rontal discontinumity (Figure 37).  Upward motion was tound over the

e trottal zone voinciding with the area ot maximum clond activities

" abaerved by satellite visible image (Figure 38). The repion of

i strotgest upward motion was lTocated slightly ahead o1 the snurtace cold
tront with a maximuam of 1.3 em sec—] at 7590 mb and g maximum of 2.9 om T
e cioat 40 mb. Sinking mobiron was computed behind the cold ftront in
agrecment with the clear skyv observed by satellite visible picture. The
sinking motron behind the cold front was also observed by Ogura and

1 Portais (1982) tor a cold tront passing through the central United States

Py

e Aprayl 1979, In the region of upward motion, convergence with a

magnrtude ot -1.1 % 10 Tsed ! at 900 mb was evident with weak

—

»

convergence 1n the mid-troposphere (Figure 38). The divergence
assoctlated with the outtlow laver was found mainly between 301 and 400
mb,.  Consequently the maximum vertical motion in the upper tropospherc
was locdated at o0 mb which was 100 mb lower than the 23-24 Januvarv . .-
(Fipures 11 & 38). Thais s consistent with the satellste IR c¢cloud top
temperatures ohserved by both cases., Satellite observations showed that
the 23-24 Jannary ase bad vcolder cloud top temperatures than the 16-17
PANTAry case. A weak diveryence laver between 600-800 mb was also

wresent tn the avea o1l rasing motion.  The vertical cross sectien ot the

vrtical vemponent ot relative vorticrty shows maximuam cvelonae

vaortroibly an the lower tropoaphere over the frontal zone (Figure ai),

The verticoal cross soclions ot potential temperature, equivalent
poltential temberature, meridional wind and relative bumidity constructed
trom 51X rawinsonde slatrons near <4 degrees N oare shown an Figures al,
w00 43 and aa. Sharp horirsontal gradients ot potential temperature and
convalent poltential temperatures weve found between Green Bay, WI

B4.1 deprees W, oaa.h deprees N) and St Cloud, MN (94.7 deprecs W, an.f

deprees N) an Lthe low troposphere due Lo the presence o1 the cold tront

CEapures aloa 42). The arvr ahead of the cold ftront was relatively .

waaimer and had o hirgher morsture content (Figure ag). A moist laver

| oo ot the cold tront was also present in the middle laver. It 18
: impes tdnt to note Lhat the atmosphoere was stable both ahead and over the 7
L oot ol e v the vold tront moved eastward, the relatively warm and
\ me =t abead ot the cold tront was litted and mav have become
' o ated o and rrodie e clonds and precapitation. The low level ]
; oo ol wrnd e whie howas evident ahead of the wartace tronph ‘

' S S P EY T IS IS Ane was not found for this case, The meridional wind )
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Vieold rront owas tound extending trom northern Canada to the Ingted
esdcanadaan border north ot Montana at 1200 CMT 15 January (not

iown Y "he v old arvthre arr behind the cold front and the cold tront
moeved aonithward pradoally and intruded jnto the northwest Inited States.
stooncn MO TT Januatr v the S000 mb weather chart (Fipnre 32) shows a Jow
s st e center Tocated over northern Canada, with a4 sartace cold rront
tendainy sonthwestward anto the central mited States and northwestward
e Ok Tahicma Lo hashrnete Sapre 33, Rehind the surtace 1ront a
Ceaw Mgt presadre center was situated over Nebraska. V trontal o Yowd
Povind toepary Lo toam near PO GMT 16 Januarv and became well organgced gt
CMT e g e CRapure 34) as the tront moved southwestward. his
Toad bhandt extended from I1Tinors to Texas. Althonyh the GOFS-Fast
IR ot ot o0 TG January shows convective gaotaivity over most oot
S st s ot ted tates, the GOES-FEast o antraved piooture gt 2k oMy
coare 0 anarcaten that the cloud Ltop temperatures were consyderably

poeet Lo thoe 2o ianittary o ase., Only 4 narrow «old crrras o dond

A estendtingy trom Nebraska to southeryn Michivan and scattered «1rras

N
[ELRTE N Eobiine the surtace cold tront the weak high pressure svstem
IR ENPRNETE] Vet sk, in the southeast, cloudiness assocai1ated with a
foent o wars it o evaddent .
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“ . Fime Scevies of Bawrnsande Observatyons at Camp Gravling
The old tront passed Camp Graviing at approximately 0300 GMT 7
Jaauaryv.,  Rawinsonde launches were made at 0300 OMT 0 1900 GMT 16 Janue s
b I ED GMETL TG00 M 1T Januarwy., Fipures 50, 51, 92 and 53 show the
. vertrcal prefiles ot zeonal wind, meridional wind, potential temberatore,
and equivalent potenti1al tempevature 1n time series. In contrast to the
2329 January case, Fipure 51 again shows the meridional wind was weak
N oyeneral., Ihee 1tnerease an the zonal wind between 5000 N 1O Tanigas
and (OBt GMT 17 danuary 1S very striking (Figure S0). Tt seems that the
Sneredse an the conal current an the mid-troposphere was at least
martirally related to the north-south pressare gradient due to the
sresence ot the low pressurve center situated over northeen Canada
CE L cre 32Y o Lhe mid-troposphere associrated with the sar:gce tront.o.
ruslean. her apeostrophie component mav have contribaoted to Lthe strony
sotat wend (Which reached 69 mosec=] 40 200 mb) as cugpested by
Cooel i and Johnson (1979) 0 especially an the upper troposphey e,
Hoth the potential temperature and the cquivalent potential temperatarse
show decreases ajtter the passdage ot the cold ftront 1n the low
troposphiere (Fipnres H2 & 5%). A well mixed laver near the pround
Siviace Was clearlyv shown 1or both the 053000 GMT and the 1900 GM1T 17
Janitary soundings atter the cold tront passage.  The top o1 the
tnsersion rose dinring the passage ot the cold tront and dropped hehond
thie cold front due Lo the presence ot the surtace convergence. he
cnvecbive cloads maw ve heen able to develop to the top ot 1nver -ion
s the trontal zone and behind the tront. Further growth ot the
convective clouds abouve the Lop ot the inversion with cloud base rootes
1 the boundary laver mav not have been possible,  As discussed betore,
e cold clonds and preciprtation were mainly maintairned by the
gecenfing wotron of the warm moist arr above the trontal surtac e, S o
the apper level tet maximum was located at 200 mb which was above the
waite divergence onttlow laver tound between 300 to w00 mb, this wonlld
s Tade o possabalaty of the upper level jet plaviny an pmporlant ols
it bratiny convective activities tor this case.
b
{ |
- et e are two possible catises tor the well mixed laver capped with Uhe
:~ v sl on befii el the sartace cold front
. The previaibong cubsidence behind the cold tront as soppeaten
e Opura andd Postis (1982)
' . Phee arversoor mayv have vepresented the tnterta ¢ bhetween
[ the «old arctahc containental ayr near the pround curtoa e
\ At the warn ey o atiove,
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Two case studies o snowstorms which occurred during SNOW TWO, namely .
2l danuary and 16-17 January, were made using NWS roegular 12 hr .
rawinsonde data, honrly surtace data, satellite data, and surtace
observations and upper-air observations taken at Camp Gravling, MI. The
t;‘ vhesical processes which were responsible tor the olouds and L
!
precipitation tor both cases appeared to be quite ditferent. .
. oy v . A
e analvses for the 234-24 January case showed that the repgron of deep P
convectron was along Lhe axis of the sountherly wind maximum. A high i
Sressiur e center was sibnaated over the east coast. he west—-east }
pessure pradient inereased as a trough intensified 1n the west. As A !
veealt o tae speed ot the meridional wind increased. The strong
e tdtonal wind broupht o in the warm and molst alrv trom the south 1o the
s bite and Jow troposphere resulting in a conditionally unstable
- . -
atmosphere above 700 mbh. Finally, the large-scale lifting trigpered the
feen convectron and the release of potential instability .
|
4
Froo the To-17 Jdanuary case, a4 cold front passed Camp Gravling, MI. .
soqrre s te byt a3t (M1 Janiiary. Sharp horizontal Lemperature and o
cocrvalent potential temperature gradients were tound below 830 mb oin
oo et al o sone. It s rmportant to note that the atmosphere was

atde heth ahead ot and behind the surface tront except below Lhe
ey atur e anversion neay the pround surtace. After Lhe passape or Lhe
[ St aront, a well mixed laver was evident below the inversion

coanated the cold arctic continental air below and warm air

Snhcrdenc e was tonnd behind the cold tront which contiyned the

oo belaw the anversion. The ascepding motion ot warm moist aav
oo ahe nt v the sartace cold tront appavently amtiated and
tace s the canvectrone As the cold tront and the cold air behind it

ool castwrid, thie v clatively warm and morst o arr was litted, became

e b ad nrodaoed precapaitation,
]
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4
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= ALPENDIN 2 - Procedare o Process Ppper-A1r Data For Snow Two
e ot line tor the procediines Lo process upper—-ary data as given below
SOV TARE -= RODATA-- VAX DISK-- PROGRAM DECSNG
AT DTN Kb - PROGRAM SGENT
- UTEPRE T DAY R - TRANSEFERER DATA TO D -
CROGKAM T ARRY - 0OEIPLT DATA FILLE
- PROGRAM HORSEDT —-— a0 rpPri para FILE
wWihoo-— ODTTPUT DA FLLE S WMPRT (OR CROSS) —= OLTPUT 1LISTINGS
Hoath Program DECSNG and SGFNT are on the VAX. The output ti1le trom
et Whi o contarns sonndings with 25 mbh antervals is btransterred to
the Uttt e Lo Thrs data fi1le 1s rearrvranged 1nto 37 recovds
Proasvrdam DARRT ). Fach vecord contains data from all stations 1oy he
Goeme g essure Jevel irom the surtace to 100 mb. Finally the analvsis
cotane HORESPEYT s used to obtaan horiyzontal distributirons of the
crcroltopioal variables. The output file trom Program DECSNG 5 also
4

et asoan annat tale tor Program THETAE which calculates relative

iy, potential temperabnre, ecquivalent potential temperature, .andg

it tiny vondensation level,

Note s The output 11le name 1or cach run on the VAX s FORUxx.dat.
XX 15 Lhe vnet number tor the write statement. To use this outpnt

tile as the anpol frle 1or another program use the command
RENAME FORONN . dat FORGvv.dat

wheve wv o 1s Lhe unit number tor the read statement an the second
program.

otails ot the proceduares and Job Control Tanpuapes Lo run theedo

prcrrams ave desoyabed as tollows:

b RADB form MelDAS has a header record. o run pregram RDATALFOR to
Copv PAOB data to VAX computer, a1t 1s necessarv to tnitialize the thle
Combeer Lo o be copred (NFILE) 1n the propram.  The command procedires to

ot the taps and o rnn Rdagta are:

NI UNTE MTAZCor )

R A W ook PRI /FORF TGN/
RROOR DS T ZFE 00w e S PR S ARG 0

PRl RDAT

PUNE ORI

St FOROND DAY Lo e the 1 les and records skaioped gl
b ol e ords v eac tor the tale wanted)

R L L R

RS

AT SR

s

P B )




CEALLOCNTE MY oy 49
MOENT MIACor )
G teat e Contasns antormition tor eipht periods with 12 hy
AL To o anan DECSNG Lo decode the data, 1t 1s necessdary Lo speo
S Gata o pertod wanted and the domain considered (see the comment
“Uatenmnls 1n the proprami.  To run the program, use the command

[UFSSEEEE REE SN

FrvaME PORDL DT FORUGY DAT
TSN
SR RN, S PLT

SN DR S NG

Coae are twe cutput trles FOROOZ.DAT and FORODOB.DAT. FORDDT . DAT 1s the
o ddata tile tor the next program SGENT. FOROODB.DAT vontains
viermation tor data cveles and time and can be deleted atter a lasting

FOROOK . DAT 15 obtarned.  The procedures to run SGENT are:

S FaROOT ODAT FOROISLUDAT

aatput 1t les are FORODIG.DAT and FORUDI7.DAT. FORUOLIT . DAT caontarns
o b o tor sonndings with 25 mb ointervals.  This tile s
L rea s ed to the CDC by tvping in the command MUXX (detarls see
[SERERTETS I B Thys tile a5 the 1nput data tile tor LARRS on the i
Foiwnn 6 DA has antormation tor both anput data (r.e., mandatory Tevel

ol sapnataoant level data) and ontput data for each soanding, s

ooochonld bhe exoamined to check tor bad data points.  Runiing SGENT,
moe et sunter an o overtlow problem due to bad data pornte.  Wheno o
rilow ot dlem does occur, 1t s necessary to check and edit the data

oo Ly Cor add edit statements Lo the program) to take care of various

AP

LTS SN TR RN e resuttang 25 mbh data shoitld be checked with the
gl et ot e tully, A listing for FORU16.DAT can be obtained
voor vty 1 Uhe ommand PRINT FORODTOGODAT. This ti1le can be deleted %
Vot er O ENTT s v s enatnnl e, |
[ il ctabe toar PR Gy the D yw the 25 mb soundaings calonlated ow
b NG oo e VAN, The Tocal tale names tor anput data and .
P T T A A STETRE IR TR IR Ater runnang this propram, the "“
i el e b eds o be rewonned (or stmpiv oreburn Lhis tale), 1
it o wnteg o taively asang the tollowing, v ommands
SR U R R AR L AR R R
S T S I PR N PR R RN BTN
b
' i
1
[
N ‘
!
'
\
A
»»»»» e R L N N R S L D R S \kq
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APy L E LA
VARGV DATALY T VL SONT D
nevmanent Pt DATAZ 1w the anput tarle tor the program HORSPT T To

BORSED T wabinitoa Satoh job o with the JCL s tollows:

vt = N T T 00 )
vy oR s T T ENRLSONE DL
L UEN S U R= E L] 2000,

oE ML, TENFLSONLD .
vURD

RN

L A IR S

crranent frle O LATA contains intormation tor horizontal
et hetions ot vertical mothiron, divergence, vorticity, zonal wind,
ftcdrad o wrind s temperature, dew point temperature, and peopotential

' cE Prooaoon WM oconverts the vertical p-velooity to cm sec -1 oy

e hedr o tatae relationsheop. To run program WM using the tollowing
T s

o DN BT TDENELSONTLD .

CoT I R WM T DENFLSONED

B N T

RO I AN
- LR
[ T S O O SN

o 0 WMDAEA DT DENED SONTD.

ciatent duata Prle WMDATA s Lthe final ountput datas ti1le we wonld
o keep. P obtain an o oantput Visting for horizontal distributions
pover b al o oess wertionst ot meteorological thirelds use the tollowing

oy e =

W, N RMPRT SOR GRS T DENFILSONLD.

PLH WMDAT L P hENE SO

it pt e EOROTT0DAL trom program SGENT 15 aleo nsed o as o anput data

U EOSS UFOR Gn e VAN Lo construct Fast-West cross ses Lions of
ctocoratorycal crablea torm statrons 725180 V28280 72637 726040,

near w0 deprees N The ontput tale FORO2ZD.DAT s the
St bt toy CPEOTLUENOR to obtarn praphic oulpuot, Another ontput e

- -
R VA ARSI 2N
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g v cateataie reiatave deimrdity, potential temperator e,

b pctent i temperatme, T and Tt ting conaensatron e

s atace, dew peant oand pressare atbt Campooravionge oos owreanbten oo

(ORI SRR R B S N Tyer nont data tor cach Sounduing neede v b tagied
vl ottt ooy Lo convert wind speed o and wined diees Lian
o e Tab e GWINDVFGR ) . he it post i AP

Pt ey the DD wrapthiie s tacalite on the Uan, T rnvor.s

oy s PV OPRY ase the following proceduares:

Sarls o about these preeavams aud the

Ponnd an the comlmment. statements wibthin these

I

4
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J. APPENDIX 3 - Procedures Lo Process Suartace Honvlye Data tor SNOW
G TARE -~ DO DESK oo PROGRAM SVBC
-~ OUTPET FT1LE -—= PROGHAM HORSPLS

e JCL Lo copy g brle on tape Lo CDC disk 1y stored on taile JOBTA

whin as given as tollows:

1oboard

VSN . TAPE I =sVCA/NT.

REQUEST  TAPE] (NT HD ., NS NORING.
SKIPF(TaPELl N, 17,8)

COPYBE, TAPET [ GVOHEN.
REWIND SVCOHEN.

REQUEST, AL *PE.

COPYBF SVCHEN, AL

REWIND AL

CATANLOG A JSYDATA TD=NELSONLD .
FOR

Fiok

SVOEAN 1y Lhe volume name aad N 1o the pumber of

tiies Lo be skipped.

The JCH to run Proparam SVBC which dedcodes the desaired mormation s

yiven b low

1ot ard

ATTACH, N, SVRBC, TDh=NELSONLD .

BONG L T=A

ATTACH B, SVUATA, T H=NELSONLD.

ATTACTH C  DATASVY  TDh=NEL SONLD .

LGOCR, )

REWIND,TAPES.

REQUEST, D, *PF.

COPY ., TAPES D

CATALOG D U TEENAME, TD=NELSON,

FOR

Lk

Nt It as necessary to specity the tyme pey pod and
the poa to be onasidered on the data tale DATASY botoas

Foantoang the Progpsoam SVROCL

[P
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& FARI MPENDIN 4 - Transterring tiles between the VAX and CDC
o
4 fthere 1w g capability on the VAX at AFGL to transfer a tile trom the CDC
- tao the VAX or trom the VAX to the CDC. A command procedure was added Lo
. the logain command ti1le on username LEE
MUNX == 1DBAO: [ USERITB IMUXX L COM
By tvipong the command MUXX, we will be able to transfer a file trom one
: compier to oanother o the thile contains only ASCIT characters and ecach
record s less than erghty characters.  This utility has a4 burlt-an help
mittina . For the account name, we have Lo enter one of the valaid €CDC
) drrectory names instead ot the login password. The password to be
cntered s the problem number (the number in columns a S0-54 of the
b b oard Other than that, the procedures to transter 4 tile are
L e abhed D TenrTy o the help manual.
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L‘ i APPENDIX 5 - Horarzonkal istributions ot Vertiycal Motion and

Divergence

b

-

L

L

-

. N - by .
ol Case o1 23-24 January

] Horizontal dostriybutions of vertical mobtion at 700 b, 300 mb and

L. 3000 mb tor 1200 GMT 23 January are given in Figures 36, 57, and 58.

. X . . - -

- Hori1zontal distribations of divergence at surtace, 700 mbh, S0 gt

- and 300 mb ror 1200 GMT 23 January are given 1n Fipgures 59, 60, 1,

‘ and 62,

b

(b)  Case of 16-17 Janunary

b

I Horitczontal distraibotirons of vertical motion at 700 wmb, 500 mwb and

t 100 mb tor 000G GMT 17 January are given in Fignres 63, 6<, and 65,

l»‘ Horyzontal dastributions of divergence at surtace, 700 mb, 500 mb

s and 300 mb tor 0000 GMT 17 January are given 1n Fignres 66, 67, 08

F and 64,
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2. APPENDIN 6 -~ “applementary Analvses )

1
hatveses tor Do OMT e January and 1200 GMT 17 Janvary were made. fhe :
Analvses Tor Lhese time periods are less consistent with the observed 4

. d
Convective aeliivities., For completeness, the vertioal cross seotions ol -
certioal motion and divergence tor QOO0 GMT 24 January and 1200 oM 1T j
Atilary are shown an Faipmyes 7O 710 720 and T, respectiaively, [
Wicm aec 1} 000G GMT 29 JANUARY
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